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Abstract:An earthquake with a magnitude of Ms7. 3 hit Yutian in the Xinjiang Uygur Autonomous Region on 
February 14, 2014. This research investigates the interference phenomena in solar activities and geomagnetics, 
and adopts the quartile method to analyze the Global Ionosphere Map ( GIM) Vertical Total Electron Content 
( VTEC) data provided by the Center for Orbit Determination in Europe ( CODE) , as well as the difference 
between GIM VTEC and International Reference Ionosphere ( IRI ) VTEC data. The ionospheric VTEC 
disturbances at the earthquake epicenter are examined before and after the event. At UTC 8 :00 on February 2, 
a strong VTEC disturbance emerged in the sky near the epicenter. A strong VTEC disturbance also emerged in 
the sky of the southern Hemisphere area, which is symmetric with the areas north of the equator. The methods 
used in analysis of the difference between GIM VTEC and IRI VTEC information can effectively fill the gaps in 
analysis that uses only the GIM VTEC data. 
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1 Introduction 
An earthquake is a devastating, serious , and sudden 
natural disaster. In recent years , global earthquakes 
have occurred frequently all over the world. To improve 
the accuracy of earthquake prediction and reduce the 
harm caused by earthquakes , many scholars have stud-
ied the coupling mechanisms of ionospheric disturb-
ances that occur before and after earthquakes. Yao1'l 
studied the 2011 Mw9. 0 Japan earthquake using GNSS 
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observation data and foF2 data observed by ionosonde 
and confirmed that the ionospheric anomalies of March 
8th could be viewed as a precursor to the earthquake. 
Xu 12l investigated the pre-earthquake ionosphere foF2 
data associated with the 14 M s ;;. 7. 0 earthquake that 
occurred in the Chinese mainland using the quartile 
method, which confirmed the existence of seismo-iono-
spheric perturbation. The results showed that the iono-
spheric anomalies commouly appeared at approximately 
11 :00 -17 : 00 LT within seven days prior to 85. 7% 
( 12 earthquakes) of the 14 earthquakes. Liu1'l repor-
ted the statistical results from seismo-ionospheric anom-
alies ( SIAs) of the VTEC in the GIM associated with 
56 Mw > 6. 0 earthquakes in China during 1998-2012. 
The results showed that SIA of the TEC significantly 
decreased in the afternoon period 2-9 days before the 
earthquakes in China, an observation that is in a good 
agreement with the SIA that appeared prior to the 12 
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May 2008 Mw8. 0 Wenchuan earthquake. Cai 141 ana-
lyzed the Mw7. 9 Wenchuan earthquake and the 
Mw9. 0 Japan earthquake and observed that a clear 
precursory and positive anomaly of ionospheric VTEC 
was noted near the earthquake epicenter and that a 
weak and negative anomaly of ionospheric VTEC was 
observed far away from the earthquake epicenter. Xie1' 1 
analyzed the ionospheric VTEC data from 10 days be-
fore and after the Lushan Ms7. 0 earthquake using a 
statistical analysis method and showed that obvious 
VTEC reduction appeared between 16 and 21 April, 
2013. Yang161 , Chen1' 1 , Liu1' 1 used ionospheric tomo-
graphy to research the 2011 Mw7. 9 Wenchuan earth-
quake, the 2011 Mw9. 0 Japan earthquake, and the 
2012 Mw8. 6 Sumatra earthquake and noted abnormal 
phenomena in the ionosphere prior to the earthquakes. 
In addition Yu1' 1 Li 1101 and Zhang1111 researched 
' ' ' 
VTEC variations before and after earthquakes and ob-
tained a similar conclusion, namely, that the VTEC 
displays abnormal changes. 
This study uses the GIM published by the CODE and 
the IRI to investigate the ionospheric VTEC disturb-
ances that occur before and after earthquakes. The GIM 
VTEC and IRI VTEC from January 13 to February 17 
are selected , including 30 days before and 5 days after 
the earthquake , the data are processed using the quar-
tile method to analyze the ionospheric VTEC disturb-
ances. Reference [ 12] reports the underlying principles 
and the calculation process for the quartile method. 
2 Grid VTEC of CODE GIM and IRI 
2.1 Grid VTEC of CODE GIM 
Since 1998, the ionosphere working group nf the IGS 
has used the daily observed data from the global dis-
tributed GNSS ( GPS/GLONASS) observation stations 
to calculate the GIM based on the single-layer iono-
sphere model ( SLM ) and has published it in the 
IONEX format. The GIM is one of the most valuable re-
sources used worldwide study of the ionosphere. Earth 
is divided into grids according to longitude and lati-
tude; the scopes of the GIM are 87. 5°S- 87. 5° N in 
the latitude direction for a total of 71 latitude zones with 
intervals nf 2 5°. The scopes nf the GIM are lSOO E-
180°W in the longitude direction for a total nf 73 longi-
tude zones with intervals of 5°. The VTEC of the grids 
is projected from the VTEC of the zenith direction to a 
height of 450 km. The time scope is 0:00-24 :OO, and 
the time resolution is 2 hours. The GIM contains 13 
sets of global VTEC data and the corresponding Root 
Mean Square ( RMS). If the VTEC and RMS of non-
standard times or non-grid points are required, the data 
should be interpolated. This paper uses the GIM pub-
lished by CODE and adopts the four-point interpolation 
formula of reference [ 13] for interpolation. 
2.2 IRI 
The IRI is an international project sponsored by the 
Committee on Space Research ( COSP AR) and the In-
ternational Union of Radio Science ( URSI) in the late 
1960s. The IRI is an empirical standard model of the 
ionosphere based on all available data sources. For a 
given location , time, and date , the IRI can provide 
monthly averages of the electron density, electron tem-
perature, ion temperature , and ion composition in an 
altitude range from 50 km to 2000 km. Several increas-
ingly improved editions of the model have been re-
leased due to the continuous introduction of new data 
and models, and IRI2012 is the latest version nf the 
IRI. In this paper, the IRI2012 web is adopted for cal-
culation purposes. The height limit must be set during 
the calculation , and given the time and date , latitude 
and longitude , profile data types and other parameters , 
the IRI can calculate the VTEC for the given time and 
place. The minimal interval of the IRI is 0. 5 hours, 
and VTEC of intervals of an hour or half an hour can 
be interpolated. 
3 Analysis of the Yutian Ms7. 3 
earthquake in Xinjiang 
3.1 The Yutian earthquake in Xinjiang 
An earthquake occurred in Yutian County in the Hetian 
District nf the Xinjiang Uygur Autonomous Region at 
17:19 (UTC 9:19) on February 12th, 2014. The epi-
center nf the earthquake was located at 36. 1 ° N and 
82. 5°E, the magnitude was Ms7. 3, and the depth was 
12 km. Tills location was 102 km southeast of Yutian 
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County and 5 km above sea level in the Altun Tagh 
fault zone. No villages were located within 50 km of the 
epicenter, and thus , the casualties were few. Accord-
ing to the determination of the China Earthquake Admi-
ni stration, a total of 345 aftershocks occurred as of 
13 :43 on February 12. 
3.2 Data selection 
Ionospheric activities are primarily influenced by solar 
and geomagnetic activities. The VTEC over a period of 
time usually will not show large changes in the relative-
ly quiet conditions of the solar and geomagnetic activi-
ties[121. Magnetic storms are usually global and occur 
nearly at the same time. According to the degree of the 
geomagnetic disturbance , magnetic storms are divided 
into small, medium, large , and severe events , and the 
Dst index is adopted internationally to describe the 
magnetic storms. H -50< Dst ,.. -30, the event is a 
small magnetic storm; if -100 < Dst ,.. -50, it is a 
medium magnetic storm; if -200 <Dst ,.. - 100 , it is a 
large magnetic storm; and if Dst ~ -200, it is a se-
vere magnetic storm. To eliminate the influence of solar 
and geomagnetic activities on the ionosphere and to 
better understand the ionospheric VTEC disturbances 
that occur before and after earthquakes, data for Janu-
ary and February in 2014 were collected using the 
magnetic Dst index published by the Tokyo Geomagnet-
ic Observatories and the geomagnetic activity Kp index 
published by the USA Oceanic and Atmospheric Ad-
ministration. 
Fignre 1 shows the Dst index for January and Febru-
ary 2014, and figure 2 shows the Kp index. The times-
cale of fignres 1 and 2 is shown in Coordinated Univer-
sal Time ( UTC) . It can be observed from fignre 1 that 
the geomagnetic index is quiet, and no storms occur 
from January 13 to February 17. It also can be observed 
from fignre 2 that the Kp index is less than or equal to 
4 in January and February except for the 19th, 20th 
and 28th. Therefore, the geomagnetic index is quiet 
from January 13 to February 17. 
3.3 Data processing and analysis 
The IRI and GIM are the commouly used ionospheric 
models , and both exhibit good reliability. The GIM 
provides 13 sets ionospheric VTEC for each day. The 
VTEC of earthquake occurrences can be interpolated 
according to the time of the earthquake using two 
VTEC sets of the adjacent time. Therefore, 14 sets of 
VTEC are available in total. Because the IRI is a global 
and empirical ionospheric model and the VTEC of IRI 
will not be affected by earthquakes and other special 
phenomena, the GIM VTEC ( VTECGIM ) and the 
difference between GIM VTEC and IRI VTEC 
( VTECGIM-IRI) are able to reflect the ionospheric dis-
turbances. The quartile method is a common technique 
used to study the ionospheric disturbances of earthquakes, 
Figw-e 1 Change curve of the Dst index in January and February of 2014 (The blue dotted line indicates a 
Dst index equal to -30) 
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and the principles of and calculation process for this 
method can fowtd in reference [ 13 ] . This paper uses 
the quartile method to analyze the VTECGIM and 
VTECGIM-IIU disturbances before and after the earth-
quake. 
disturbances before and after the earthquake. From the 
figure , it can be observed that the number of iono-
spheric disturbances is six on the 24th, lOth and 4th 
days before the earthquake , and this number is five on 
the 4th day before the earthquake and 11 on the 3rd 
day after the earthquake. Figure 3 sbows the number of VTECGIM and VTECGIM-IIU 
Figure 2 Change curve of the Kp index in January and February of 2014 (The blue dotted line indicates a Kp index 
equal to 4) 
Figure 3 Number of ionospheric disturbances of VTECGIM and VTECGDI-DU before and after the earthquake (The horizon-
tal axis represents time; 0 indicates the day of the earthquake; negative values indicate days before the earth-
quake; and positive values indicate days after the earthquake) 
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To clearly reflect the VTEC disturbances, this study 
uses the disturbance data ratio of VTEC0rn and 
VTECciM-IRI· The disturbance data ratio takes the num-
ber of ionospheric disturbances of VTEC0 IM and 
VTECGIM-IRI and divides them by the total numbers of 
VTECciM and VTECciM-IRifor each day. Figure 4 shows 
the disturbance data ratio of VTECGIM and VTECGIM-IRI 
before and after the earthquake. Furthermore, the ratio 
also reflects the time span of the ionospheric disturb-
ance in each clay. 
The time interval of GIM VTEC is 2 hours, and 
when the disturbance data ratio reaches 40% , the 
anomalous variation time of the ionospheric VTEC runs 
up to 9. 6 hours such that the ionosphere of that day 
can be detennined as obviously disturbed. Figure 4 
shows that the ionospheric VTEC on the 24th (January 
19), lOth (February 2), and 4th (February 8) days 
before the earthquake and on the 4th (February 16) 
day after the earthquake are obviously disturbed. The 
ionospheric VTEC of the 4th day after the earthquake 
reaches 80% and lasts for approximately 19 hours. 
Certain differences exist between VTEC01M and 
VTECciM-IRI· The ionospheric disturbance of VTEC0IM 
and VTECciM-IRI , which are all greater than 40%, are 
analyzed by considering the two groups of VTEC com-
prehensively. Figure 5 shows the change curves of the 
VTEC01Mon the 24th, lOth, and 4th days before the 
earthquake and on the 4th after the earthquake. From 
the figure , it can be observed that the ionospheric dis-
turbances of VTEC0IM change significantly at UTC 8 :00 
on the lOth day before the earthquake, at UTC 10 :00 
on the 4th day before the earthquake, and at UTC 4 :00 
on the 4th day after the earthquake. Additionally, the 
disturbance on the 4th day after the earthquake shows a 
change of long duration. 
The VTEC0rn that exceeds the upper and lower limits 
is subtracted from the upper and lower limits to obtain 
the abnormal value of the VTEC0IM.Tbe abnormal value 
is divided by the upper and lower limits and produces 
the abnormal data ratio of the VTECcrn· Figure 6 shows 
the abnormal data ratio of the VTECGIM· 
Because IR1 is a global empirical ionospheric model 
and its value is unaffected by storms , earthquakes , 
and other special phenomenon , the changes in the 
VTECGIM-IRion the 24th, the lOth, the 4th days before 
the earthquake, and the 4th day after the earthquake 
are analyzed. Figure 7 shows the change curve of the 
VTEC GIM-IRI. Figure 7 shows that the ionospheric dis-
turbance of VTECGIM-mi at UTC 6 :00 and 12 :00 of 
the 24th day, UTC 8 :OO and 10 :OO of the lOth day, 
Figure 4 Disturbance data ratio of VTECGIM and VTECGIM-IRI before and after the earthquake {The blue dotted line indi-
cates a ratio of 40% ; the horizontal axis represents time; 0 indicates the day of the earthquake; negative values 
indicate days before the earthquake; and positive values indicate days after the earthquake) 
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Figure 5 Change curve of the VTECGIM( The vertical dotted line indicates the time of the earthquake; and the blue 
dotted lines indicate the upper and lower limit of the VTECciM variation. The red star line indicates the 
VTECGIM) 
Figure 6 Abnormal data ratio of the VTECGIM ( The vertical dotted line indicates the time of the earthquake ( The 
upward histogram indicates the abnormal upper limit, and the downward histogram indicates the abnonnal 
lower limit) 
13 
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UTC 10 :OO and 12 :OO of the 4th day before the earth-
quake, and UTC 4 :00-16 :OO of the 4th day after the 
earthquake change significantly. The distribution of ab-
normal points is the same as the VTECGIM· 
To further understand the abnormal distribution of 
the global VTEC when the ionospheric VTEC is obvi-
ously disturbed , the disturbances of the ionospheric 




. ....... . 
· .• 
•• 




~ 0 · .. 
.•.. 
6:00 12:00 18:00 24:00 
Time{UTC) 
January 19th(24th before earthquake) 
... 
· ... 
. .•... · 
.•. 
-·····...__.c..-~ r 
..... •.. · •.. 
·• · ......... · .. 
. . •. 
· .... ·· 
-10 L___...L.__j____[__L___j___j___j_...L.__j____L_L____j__j 
0:00 6:00 12:00 18:00 24:00 
Time(UTC) 
February 8th( 4th before earthquake) 
detected based on the quartile method. During the de-
tection, the values of the normal grids are 0. If the dis-
turbance reaches the upper limit, the values at the up-
per limit values are subtracted from the actual values. 
If the disturbance falls below the lower limit, the actu-
al values are subtracted from the lower values. Figure 
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Figure 8 Global disturbance variations of the VTECGIM 
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In the figure, the ionospheric VTEC disturbances 
appear west of the epicenter at UTC 16 :()() on January 
19, the global ionospheric VTEC at UTC 8 :()() on Feb-
ruary 19 appears calm , and strong disturbances appear 
in the epicenter and the regions symmetrical to the 
equator in the southern hemisphere. The ionospheric 
VTEC disturbances appear weak near the epicenter at 
UTC 10 :QO on February 8th and at UTC 4 :QO on Feb-
ruary 16. 
4 Conclusion 
This study uses the global GIM VTEC data published 
by CODE and the IRI VTEC data to analyze the iono-
spheric disturbances that occur before and after Xin-
jiang Yutian earthquake based on the quartile method. 
Additionally, this work analyzes the global ionospheric 
VTEC disturbances. The ionospheric VTEC of the epi-
center appears disturbed before and after the earth-
quake. The ionospheric VTEC of the epicenter and the 
regions symmetrical to the equator in the southern hem-
isphere show strong disturbances at UTC 8 :()() on Feb-
ruary 2. The analysis of the difference between GIM 
VTEC and IRI VTEC can effectively make up the 
shortage of analysis that occurs using only GIM VTEC. 
Due to the complexities of the mechanism and prepara-
tion of the earthquakes , the uncertainties of ionospher-
ic disturbance factors before and after the earthquake, 
and the accuracy of GIM VTEC and IRI VTEC data in 
China, limitations exists in the use of GIM VTEC and 
IRI VTEC to analyze the ionospheric disturbances dur-
ing earthquakes. Therefore, this method shonld be test-
ed with data from earthquakes of different magnitudes 
for further in -depth research. 
Acknowledgements 
The authors are grateful to the National Marine Satellite 
Center of China for providing the HY2 satellite data 
and to the CODE for providing GIM. 
References 
[ 1 ] Yao Yibin, Chen Peng and Wu Han. Analysis of ionospheric 
anomalies before the 2011 Mw9.0 Japan earthquake. Chinese Sci-
ence Bulletin, 2012, 57(5) ,355-3654. 
[ 2] Xu Tong, Hu Yanli, Wu Jian, et al. Statistical analysis of seis-
mo-ionospheric perturbat:ing before 14 Ms :a= 7. 0 strong earth-
quake in Chinese subcontinent. Chinese Journal of Radio Sci-
ence, 2012, 27(3) :507-514. (in Chinese) 
[ 3 ] Li.u J Y, Chen C H, Tsai H F, et al.. A statistical study on seis-
mo-ionospheric anomalies of the total electron content for the pe-
riod of 56 M =:: 6.0 earthquakes occurring in China during 1998-
2012. Chm J Space Sci., 2013,33(3) ,258-269. 
[ 4] Cai Hua, Li Zishen, Wang Min, et al. Coseismic ionospheric 
disturbances of Mw7.9 Wenchuan earthquake and Mw9.0 Japan 
earthquake. Geomatics and Information Science of Wuhan Uni-
venoity, 2013, 38(6) ,716-780. 
[ S ] Xie Y B, Wu J C, Chen J P, et al. Perturbation analysis of the i-
onospheric TEC before and after the Lushan Ms7.0earthquake. 
Acta Seismologica Sinica, 2014, 36(1) ,95-105. 
[ 6] Yang Jian, WuYun and ZhouYiyan. Probe into seismo-ionospheric 
anomaly of Wenchuan Ms8.0 earthquake based on computerized 
ionopsheric tomography. Journal of Geodesy and Geodynamics , 
2011,31(1) ,9-14. (m Chin""') 
[ 7 ] Chen Biyan, Dai Wujiao, Cai Changsheng, et al. Ionospheric 
modeling and forecasting based on tomographic and neural net-
work method. Geomatics and Information Science of Wuhan Uni-
versity, 2012, 37(8) :972-976. 
[ 8] Lin Ying, Dai Wujiao, Zhang Wenyi, et al. Anomaly detection 
about ionospheric electron density on sumatm earthquake in April 
2012. Journal of Geodesy and Geodynamics, 2013, 33(3) :30-
33. (in Chinese) 
[ 9 ] Yu Tao, Mao Tian, Wang Yungan, et al. Study of the ionospher-
ic anomaly before the W enchuan earthquake. Chinese Science 
Bulletin , 2009 , 54 ( 6) , 1086- I 092. 
[ 10] Li Shijia, Cai Changsheng and Fu Kaibin. Ionospheric anomaly 
detection of Mw9.0 Japan earthquake by using GPS observation 
data. Journal of Geodesy and Geodynamic•, 2012, 32(3), 36-
40. (in Chinese) 
[ 11] Zhang Xioohong, Ren Xioodong, Wu Fengbo, et ol. A new meth· 
od for detection of pre-earthquake ionospheric anomalies. Chinses 
Journal of Geoph,.ics, 2013, 56(2) ,441-449. 
[ 12] Zhu Fuying, Wu Yun, Lin Jian, et al.. Study on Method of De-
tecting Ionospheric TEC Anomaly before Earthquake. Journal of 
Geodesy and Geodynamics, 2009, 29(3) :50-54.(in Chinese) 
[ 13] Stefan S, Werner G and Feltens J. IONEX: The ionoshphere map 
exchange format version!. Proceeding of the IGS Analysis Center 
Workshop, 1998:2-3. 
